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@ Heat curable adhesive. 


@ The present Invention relates to an improved heat curable epoxy resin adhesive in which a metal 
oxide, for example zinc oxide, and a polyhydroxyaryi compound, for example gallic acid, are used in 
combination with an epoxy resin, for example a heat curable liquid epoxy resin adhesive, to give an 
adhesive composition having significantiy improved binding strength and resistance to v/eathering. 

The epoxy resin adhesive composition of Uie invention has t)een found to be particuiarfy advan- 
tageous in tiie bonding of metal surfaces fvtividing higher bond strengtii over a prolonged period and 
bnproved resistance to the deterioration of bond strengtii in the presence of water or high humidity. 
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The present invention relates to a heat curable adhesive and in particular to a heat curabie epoxy resin 
adhesiva 

A significant problem surrounding the use of epoxy resin adhesives on metal surfeces Is the deterioration 
in bond strength which occurs over a period of time. The deterioration in bond strengtii is eaacert^ated by the 
5 presence of water or high humidity. 

The use of some adhesion promoters may increase the initial bond strength however there is a need for 
an epoxy resin composttion which provides a higher bond strength over a prolonged period. 

We have now found that the use of certain metal oxides in combination with a polyhydroxyaryi compound 
provides a significantly improved adhesive. 
10 Accordingly we provide a heat curable epoxy resin composition comprising a metal oxide and a polyhyd- 
roxyaryi compound of formula I 


X 


15 


20 



I 


Y 


25 wherein each X is Independently an -OH group or a group -ROM and at least one of the groups X is an -OH 
group; Y is a hydrogen atom, a group R^ a group COR^ or a group NRW; R Is a dhmlent hydrocarbon or sub- 
stituted hydrocart)on group; R*^ Is a hydrocarbyl or substituted hydrocaityl group; R^ Is a group R\ OR' or 
NR^R«; R' is a hydrogen atom, a hydrocarbyl or a substituted hydrocarbyl group; R^ Is a hydrogen atom, a hyd- 
rocart>yl or a substituted hydrocarbyl group; and R^ and R^ are the same or different 

30 The group -ROH, if present, may be an oxime group, for example of the type GR^NOH where R^ Is as 
defined and b preferably a hydrogen atom, or may be an hydroxyalkyi group of the type - (CH2)nOH, where n 
is an integer and is preferably one. We have obtained useful result when all of the groups X are -OH groups. ' 

The group Y may be a hydrogen atom but It Is preferred that Y is either a group R\ particularly a Ct to Cts 
optionally substituted hydrocarbyl group, or especifically a group COR2 In the group COR2 It is preferred that 

35 is either a group OR' or a group NR'R'. The group OR' can be a hydroxy or a substituted or unsubstituted 
Ci to C,a hydrocarbonoxy group. The group NR'R^ can be a substituted or unsubstituted amino group, wherein 
the groups attached to the carbon atom may be substituted, for example as in an ethandamino group. The 
group Y may include at least one hydrocarbyl group and this may contain up to 18 carbon atoms and may be 
saturated or unsaturated. If the hydrocarbyl group contains substHuents, these may be halogen atoms, amino 

40 groups, hydroxy groups or epoxy groups. 

As a preferred aspect of the present invention, the polyhydroxyaryi compound is of the formula I wherein: 
each X is an -OH group; Y is a hydrogen atom, a group R\ a group COR^ or a group NR'R^ R^ is a Ci to Ce 
hydrocarbyl group optionally substlbited with amino or hydroxy; R^ Is a group R^, OR' or NR'R^ R' Is a hyd> 
rogen atom or a to 0^8 hydrocart>yl group; R^ is a hydrogen atom or a Ci to Ci8 hydrocarbyl group optionally 

45 substituted with amino or hydroxy; and R' and R^ are the same or different 

In a more preferred aspect of the present invention, the polyhydroxyar^ contpound is of the formula 1 whe- 
rein: 

each X is an -OH group; 

Y is a hydrogen atom, a group R^ or a group COR^ ; 
so R^ is a 2-amlnoethy1 or 2-hydroxyethyl group; 
R2 is a group OR' or NRJR*: 

R' is a hydrogen atom or a 0, to C|2 hydrocarbyl group; 
R^ is a l^rogan atom or a 2-hydroxyethyl group; 
and 

55 R' and are the same or different 

The polyhydroxyaryi compound may be pyrogaliol, galOc acid, methyl gallate, propyl gallate. dodecyl gallate, 
gallamide. a gaHamlde derivative such as N-(2-hydroxyethyl)-3A5-tri-hydroxybenzoic acid amide or a substi- 
tuted alkyi pyrogaliol such as 5-(2-aminoethyl)-1 j2.3ptrihydroxybenzene. Gallic acid has been found to be par- 
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ticularty effective In the heat curable epoxy resins of the present invention. 

The metal oxide is preferably selected from the oxides of the transition elements, and more preferably from 
the copper and zinc subgroups, of the periodic table. 

It is particularly preferred that the metal oxide is zinc oxide which we have found to provide significanlSy 
5 improved adhesive properties when used in combination with a poiyhydroxyaryl compound in the heat curable 
epoxy resin adhesive compositions of the present invention. 

We accordingly provide a heat curable epoxy resin adhesive composition comprising a zinc oxide and a 
poiyhydroxyaryl compound as hereinbefore defined. 

The epo3^ composition wQI typically comprise a curing agent which may t>e incorporated Into the epoxy 
10 composition before during or after applfcation to the metal or other surface. 

Epoxy resins and their use as adhesives and coatings are well known in the art 

For example epoxy resins and their use as adhesives are discussed In "Encyclopaedia of Polymer Science 
and Engineering' Volume 6, 1986 at pages 322 to 388. 

It is preferred that the epoxy composition is one which requires heating to a ten^erature of at least 100**C 
f5 and preferably at least 120**C (and especially at least 150**C) in order to effect curing of the epoxy composition. 
As a particulariy preferred aspect of the present invention, curing is effected at a temperature in the range of 
180'»to190X. 

Typically the epoxy resin will comprise in the range of from 0.1 to 20% w/w of the poiyhydroxyaryl compound 
and preferably from 0.1 to 2% wAw. 
20 The metal oxide is generally used in an amount of from 0.01 to 70% w/w of the composition and may function 
as a fDler in addition to enhancing adhesion properties. Preferably zinc oxide Is present in a catalytic amount 
such as in the range of from 0.01 to 10% and most preferably 0.1 to 5% by weight 

The epoxy resm may optionally comprise further components such as fDlers. thbcotropic agents and other 
.additives known in the art 

25 Atypicalexampleofoompositionsoftheinventioncomprises, in addition to the pdyhydraxylaiyl compound 
and zinc oxide. 20 to 90% w/w liquid epoxy resin. 0 to 20% wAv toughening agent 1 to 10% w/w latent curative, 
0 to 70% mineral filler. 0 to 70% metal powder and 0 to 20% thixotropic agent 

Particulariy preferred examples of the epoxy resin component are bisphenol A, bisphenol F diglycidyl ettier 
and mbctures ttiereot However it will be understood altemative resins may be selected from the wide range 

30 known in the art 

Particulariy prefenred examjdes of toughening agent include nitrite rubber with epoxynreactive functional 
groups such as carboxylic acid and amine functional groups, polyurettianes, and polyoxyalkylene polyamines. 

Particulariy prefen^d latent curatives Include dkryandiamides. imklazole derivatives, aromatic polyamines, 
organic acid anhydrides and blends of two or more of these. 
35 Particulariy prefenred examples of fDlers include calcium cart>onate. days and silicates. 

Particulariy prefened metal powders are aluminium zinc, copper, bronze, brass, nickel and iron. 

Particulariy preferred tiiixotropic agents indude amorphous silica, bentonite, attapulgite and organic mod- 
ifications and mixtures thereof. 

A further embodiment of tiie sivention provides a process for preparation of an adhesive composition com- 
40 prising combining the epoxy resin component, metal oxide, poiyhydroxyaryl compound and curing agent and 
any additives such as fillers or thbcotropic agents. 

In one embodiment all the components are simply mbced together to form a single adhesive composition 
which is preferably subject to high shear mbcing. Alternatively the adhesive composition may be prepared m 
sito. 

45 For example, in an embodiment of the invention the bonding substrate, such as metal, is coated with the 

poiyhydroxyaryl compound and is subsequentiy coated witti a composition comprising a mbdure of the metal 

oxide, epoxy resin, curing agent and any otfier components. 

In a further embodiment of the invention there is provkled a process for coating a substrate with adhesive 

comprising coating tite surface of the substrate witii a poiyhydroxyaryl compound of formula I, a metal oxide 
50 and a hot-curing epoxy resin composition and heating to a temperature of at least 1 0O^^C to effect curing of the 

epoxy composition. 

Where it is intended to bond a surface to another surface (for example metal to metal or metal to plastic) 
the contact surface(s) may be treated with ttie poiyhydroxyaryl compound and tiie other componente of the 
epoxy resin adhesive composition induding tiie metel oxide and the surfaces bonded together. 
55 The coating of the surfaces with the poiyhydroxyaryl compound may be carried out before the application 
of tiie remaining components of tiie resin. However, it Is generally pref eaed that the poiyhydroxyaryl compound 
t>e incorporated into the epoxy adhesive composition and the adhesive composition applied to the surface. 

The poiyhydroxyaryl compound can be mUed into the epoxy composition, or component thereof, using a 
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simple Wending technique such as simply stirring the two matenals together. However, a more effective dis- 
pmsion can be achieved by the use of a high shear mixing device such as, for example an Ultra Turrax or a 
Sihrerson h^h shear mixer 

An epoxy adhesive composition which indudes a polyhydroxyaryt compound and zinc oxide can be applied 
5 to the surface of a substrate, for example a metal surface, and cured using simHar, or identical, conditions as 
can be used for the same epoxy adheshre composition which is free from polyhydroxyaryl compound and zinc 
oxide. 

The process of the present invention may be used to bond together substrates such as a metal and a plastic 
materia] or two sheets of metal. We have found that the initial adhesive strer^th of the bond (s generally the 
10 same as, orslightly greater than, the initial adhesive strength of a bondobtalnedwhenusingtheepoxy adhesive 
alone. However, in tests of the durability of the bond, we have found that the use of the poIyhydro3^afyl com- 
pound and zinc oxide results in a higher bond strength and slower deterioration of the strength of the bond. 

The present Invention also provides a substrate, preferably a nrwtal, at least part of one surface of which 
has been coated with a heat curable epoxy resin adhesive comprising a compound of formula I and a metal 
15 oxide. 

The Invention also includes an article having bonded surfaces, preferably metal, wherein the surfaces bon* 
ded together have been treated with a heat curable epoxy resin adhesive comprising a compound of formula 
I and a metal oxide. 

The invention is described but is in no way Omited to the following examples. 
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Comparathfe Example A (CE-A) 

A toughened epoxy resin adhesive was prepared having the following Ingredients in the proportions Indi- 
cated* 


ComDonent 

Percent bv ^ 

Bis phenol A resin 

30.8 

Bis phenol F resin 

14.8 

Polyoxylpropylene diamine 

13.6 

Dicyandlamlde 

3.6 

Imidazole 

0.9 

Calclte 

29.8 

Al Powder 

5.9 

Amorphous SIO^ 

0.5 

Pigment 

0.1 


100.0 


Example 1 (Exi) 

A composition in acoordanoe with the invention was prepared by the addition of gallic add and dnc oxide 
to the composition of comparative Example A to provide the composition shown beiow. The conrtpositbn was 
80 thoroughly mbced. 
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Compon-ent 

Bis phenol A resin 
^ Bis phenol F resin 

. Polyoxy Ipropylene diamine 
Dicyand iamide 
Imidazole 
Calclte 
Al Powder 

Gallic acid 

IS - . 

Zinc oxide 

Amorphous SiOg 
Pigment 

20 

TESTING 

The compositions of Comparative Example A (CE.A) and Example 1 (Ex1) were tested to detemtine theli 
relafive Lap Shear and T-Peel strength in adhering steel surfaces In side by side tests. 
25 >Assemtriies bonded using the adhesives were subject to the fbllowmg tests which were conducted on dif- 
f^nt..s'amples> 

Water Immersion - 30 days Immersion In water at 40*C. 
Humid Aging - 30 days at 50"^ and 95% relative humidity. 
APGE ;test - 30 cycles of testing each (^cte consisting of the following conditions:- 
30 - 6.1 5 hours in 5% salt solution 

-T 1.2 * 1.3 hours room temperature drying 

* 22.55 - 22.65 hours at 50"C and 95% relative humidity 
for about 48 hours. 

Lap Shear and T-Peel tests were canried out on bonded steel surfaces prepared as follows- 

35 

Lap Shear 

Samples of CRLC steel of dimensions 25mm X 75mm X 0.8mm were degreased with Petroleum spirit and 
adheshfe of 0.2mm thickness applied to the surface. 
40 A second piece of steel of the same dimensions and degreased by the same method. Testing carried out 
to the rnethod described In ASTM D-1002. 

The assemblies were cured for 25 minutes at 170^C. 

T-Peei 

45 

Two pieces of CRLC steel of dimensions 25mm x 200mm x 0.8mm ware bonded using the method refeired 
to in reference to Lap Shear. 

Lap Shear and T-Peels were determined on each of CEA and EX1. Testing method as per ASTM D-1876. 
Results of the testing are shown in Table 1. 

so 


Percent by weioht 
30.2 
14,5 
13.4 
3.5 
0.9 
29.1 
5.8 
1.0 
1.0 
0.5 
0.1 
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Table 1 


5 



Lap Shear 
(MPa) 

T-Peel 
<N/25mra) 


Ex 1 

CEA 

Exl 

CEA 

Initial 

21.27 

19.52 

231.7 

230.1 

Water Immersed 

20.13 

9.82 

231.7 

187 

Humid Ageing 

18.65 

10.28 

213.9 

233.4 

AP6E <30-cyc1es) 

13.71 

0.88 

167.1 

125.2 


25 Comparative Example B (CE-B) 

A single pack heat curable adhesive was prepared having the oomposition listed in Table 2 below and was 
mixed thoroughly to provide a homogenous composition and Lap Shear and T-peel strengths are detennlned 
as for Example 1. 

90 

Example 2 (Ex2) 

A single pack heat curable adhesive was prepared having the composition listed in Table 2 below and was 
mixed thoroughly to provide a homogenous compo^tion and Lap Shear and T-^peel strengths were detennlned 
35 as for Example 1. 
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Table 2 

Component Percent by Weight 

CE-B Ex2 




32 . 2 

Bis phenol F resin 

14.8 

14.6 

Polyoxylpropylene diamine 

11.8 

11.7 

Dicyamtl amide 

3.5 

3.5 

Imidazole 

0.9 

0.9 

Calclte 

29.6 

29.3 

A1 Powder 

5.9 

5.8 

Gallic acid 

1.0 

1.0 

Zinc oxide 


1.0 

Lap shear 

15.88 MPa 

18.34 

T-Peel 

165.8N/25mm 

188. ON 


25 As demonstrated In Table 1 and Tatsle 2 the presence of the combination of polyhydroxyaryl compcuind and 
zinc oxide provides an adhesive of significantly improved bmding strength and resistance to weathering. 

Examples 

30 A single^pack heat curable adhesive was prepared having the following composition and wasfound to have 
excellent bond strength and resistance to weatherii^. 

pomponent Percent by weloht 

35 

Bisphenol A diglycidyl ether (EGW 188) 29.9 

Bispheno! F diglycidyl ether (EGW 176) 14.7 

Polyoxypropylene diamine (AEW 514) 13.2 

Dicyandiamide 3,5 

2-(3-(2'-methyllmidazoyl-<l • )))-ethyl 0.9 
-4 .6-d1arai no-s-triazlne 

45 PreclpLitated Calcium Carbonate 29.3 

Aluminium Powder 5.9 

Amorphous Silica 0.5 

^ Pigment O.i 

Gal 1 ic acid 1.0 

Zinc oxide 1.0 

ss 
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Claims 

1 A heat curabte epoxy resin composition comprising a metal oxide and a polytiydroxyaiyl compound of for- 
mula I 

5 
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wtiersin: 

each X is independentiy an -OH group or a group -ROH and at least one of the groups X b an -OH group; 

Y Is a hydrogen atom, a group R\ a group COR^ or a group NR^R^ 
20 R Is a d^alent hydrocartx)n or substituted hydrocarbon group; 

Ri is a hydrocarbyl or substituted hydrocarbyl group; 
R* Is a group R\ OR* or NR3R*; 

R' Is a hydrogen atom, a hydrocarbyl or a substituted hydrocarbyl group; 
R^ is a hydrogen atom, a hydrocarbyl or a substituted hydrocarbyl group; and 
25 R' and R^ can be the same or different 

2. A composition according to daim 1 wherein in the compound of fbrmuJa 1: 

each X Is independently an -OH group or a group -ROH and at least one of the groups X is an -OH group; 

Y is a hydrogen atom, a group R\ a group COR* or a group NR'R*; 
50 R is selected from the divalent radicals -CH=N- and -CH2-; 

R^ is a Ct to C18 hydrocarbyl group optionally substituted with one or more halogen atoms or amino, hydroxy 

or epoxy groups: 

R2 b a group R^, OR' or NR»R*; 

R9 Is a hydrogen atom or a Ci to Cia hydrocarbyl group optionally substituted with one or more halogen 
35 atoms or amino, hydroxy or epoxy groups; 

R* Is a hydrogen atom or a Ch to Cis hydrocarbyl group optionally substituted with one or more halogen 
atoms or amino, hydroxy or epoxy groups; and 
R3 and 1^ are the same or different 

40 3. A composition according to daim 1 or daim 2 wherein In the compound of formula I: 
each X is an -OH group; 

Y is a hydrogen atom, a group R^, a group COR* or a group NRW; 

R^ is a Ci to Ce hydrocarbyl group optionally substituted with amino or hydroxy; 
R2 is a group R\ OR' or NR3R4; 
45 R^ is a hydrogen atom or a 0) to C^s hydrocarbyl group; 

R^ Is a hydrogen atom or a Ci to Cta hydrocartsyl group optionally substituted wftii amino or hydroxy; 
and R* and R* are the same or different 

4. A composition according to daim 1, daim 2 or claim 3 wherein in the compound of formula I: 

50 each X is an -OH group; Y Is a hydrogen atom, a group R^ or a group COR* ; RMs a 2-aminoethyl or 2- 
hydroxyethyl group; R* is a group OR* or NR'I^ R* Is a hydrogen atom or a Ct to C12 hydrocarbyl group; 
R^ is a hydrogen atom or a 2-hydrQxyettiyl group; and R' and R^ are tiie same or different 

5. A composition according to daim 1 wherein the pdyhydroxyaryi compound is selected from the group con- 
55 sisting of: pyrogaltol, gallic add. metiiyl gallate. propyl gallate. dodecyl gallate. gallamide, hH2-hyd> 

rQxyetiiyl)3,4.5-trihydroxybenzoic add amide and 5-(2-amino6ttiyl)-1,2,3-lrihydroxybenzene. 

Gi, A composition according to daim 1 wherein the pdyhydroxyaryl compound is gallic acid. 
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7. A composition according to anyone of dahns 1 to 6 Inclusfve wherein the metal oxide is selected from the 
oxides of the transition elements. 

8. A composition according to any one of claims 1 to 7 inclusive wherein the metal oxide is selected from the 
5 oxides of the copper and zinc sut>groups of tite periodic table of ^e elements. 

9. A composition according to any one of daims 1 to 8 inclusive wherein the metal oxide is zinc oxide. 

10. A composition according to any one of daims 1 to 9 indush^e wherein the polyhydroxyaryl compound is 
10 present in an amount of from 0.1 to 20% by weight of the composition. 

11. A composition according to any one of daims 1 to 10 inclusive wherein the metal oxide is present in an 
antount of from 0.01 to 10% by weight of the composition. 

IB 12. A heat curable epoxy resin composition comprising as metal oxide from 0.1 to 5% w/W zinc oxide ami as 
polyhydroxyary compound from 0.1 to 2% w/w gallic acid. 

13. A heat curable epoxy resin composition comprising: 0.1 to 5% w/w of a metal oxide; 0.1 to 2% wAw of a 
polyhydroxyaryl compound of formula I as defined according to any one of daims 1 to 6 Inclusive 20 to 

20 90% w/w liquid epoxy lesin; 0 to 20% wAw toughening agent; 0 to 10% wAw latent curative; 0 to 70% w/w 
mineral filler; 0 to 70% w/W metal powder; and 0 to 20% wlw thixotropic agent 

14. A process for the preparation of a heat curable epoxy resin as defined according to any one of daims 1 to 
13 indusive which process comprises combining the n^tal oxide and polyhydroxyary) compound with the 

25 epoxy resin oomponent 

15. A process according to daim 14 wherein the components of the composition are combined and subjected 
to mbcing to produce a one pack heat curable epoxy resin adhesive composition. 

30 16. A process according to daim 14 wherein the pdyhydroxyaryl compound component and the epoxy resin 
component comprising the metal oxide are mbced in situ on the surface of the substrate on the surfoce of 
the subsbBte to be bonded. 

17. A process for coating a substrate which process comprises applying to the surfece of the substrate a heat 
ds curable epoxy resin composition as defined according to any one of daims 1 to 13 indusive. 

18. A process for bonding a substrate which process comprises applying to the substrate a heat curable epoxy 
resin composition as defined according to any one of daims 1 to 13 indusive ami heating the substrate to 
effect curing of the epoxy resin. 

40 

19. A substrate at least part of one surface of which has been coated with a heat curable epoxy resin compo- 
sition as defined according to any one of claims 1 to 13 Indusive and heating the substrate to effect curing 
of the epoxy resia 

45 20. A bonded artide compri^ng a bond formed by the curing of a heat curable epoxy resin composition as 
defined according to any one of claims 1 to 13 Indusive. 


. 3D 


55 


9 


BNSOOCIO: <EP. 


I1A2.L> 


J 


Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 





0 Publication number: 0 458 521 A3 


EUROPEAN PATENT APPLICATION 


@ Application number : 91304383.2 
@ Data of filing : 1S.0S.91 


(g) Int. ci.^ C08G 59/62, C08G 59/68, 
C09J 163/00 


@ Priority : 17.05.90 AU 182/90 

@ Date of publication of appllcaiion : 
27.11.91 Bulletin 91/48 


(Q) Designated Contracting States : 

AT BE CH DE DK ES PR 6B 6R IT U LU NL SE 

@) Date of deferred publication of search report : 
21.10^ Bulletin 92/43 


@ Applicant: ICI AUSTRAUA OPERATIONS 
PROPRIETARY UMITED 
1 Nicholson Street 
Melbourne Victoria 3001 (AU) 


@ Inventor : Stuart, David Vincent 
2 York Street 

Reservoir, Victoria 3073 (AU) 

@ Representative : Pugsley, Roger Graham et al 
ICI Group Patents Services Dept PO Box 6 
Shire Park Bessemer Road 
Welwyn Garden City Herts. AL7 1HD (GB) 


8 

oo 
in 


a. 


@ Heat curable adheshre. 

@ The present invention relates to an improved 
heat curable epoxy resin adhesive in which a 
metal oxide, for example zinc oxide, and a 
polyhydroxyaryl compound, for example gallic 
acid, are used in combination with an epoxy 
resin, for exam^e a heat curable liquid epoxy 
resin adhesive, to give an adhesive composition 
having significantly improved binding strength 
and resistance to weathering. 

The epoxy resin adhesive composition of tiie 
invention has been found to be particularly 
advantageous in the bonding of metal surfaces 
providing higher bond strength over a pro- 
longed period and improved resistance to the 
deterioration of bond strength in the presence 
of water or high humidity. 
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